SUMMARY The aim of this study was to characterise human intestinal macrophages in normal and inflamed ileum and colon. Immunoperoxidase staining with a panel of monoclonal antibodies and histochemical staining for acid phosphatase and non-specific esterase was performed. In the superficial lamina propria, normal colonic macrophages were larger and more strongly positive for acid phosphatase and non-specific esterase than those in normal terminal ileum. There were more macrophages staining with monoclonal antibody RFD1 in the superficial lamina propria of the latter. Studies in inflammatory bowel disease tissue showed the presence of macrophages staining with monoclonal antibodies RFD9 and 3G8 which were rarely present in normal tissue and represented a different pattern from that seen in infectious colitis. 
SUMMARY The aim of this study was to characterise human intestinal macrophages in normal and inflamed ileum and colon. Immunoperoxidase staining with a panel of monoclonal antibodies and histochemical staining for acid phosphatase and non-specific esterase was performed. In the superficial lamina propria, normal colonic macrophages were larger and more strongly positive for acid phosphatase and non-specific esterase than those in normal terminal ileum. There were more macrophages staining with monoclonal antibody RFD1 in the superficial lamina propria of the latter. Studies in inflammatory bowel disease tissue showed the presence of macrophages staining with monoclonal antibodies RFD9 and 3G8 which were Tissue sections were also stained for acid phosphatase (ACP) using naphthol AS TR phosphoric acid sodium salt as substrate9 and for non-specific esterase (NSE) using naphthyl acetate as substrate. 9 In some studies acid phosphatase activity was detected in combination with immunoperoxidase staining' using monoclonal antibodies as described.
For 
Results
In control tissue sections or cytospin preparations (after either omitting the primary antibody or using an irrelevant monoclonal antibody, OX7), no peroxidase staining was seen. Table 2 summarises the different staining patterns of macrophages in tissue sections stained for ACP and NSE and with monoclonal antibodies RFD1, RFD9, and 3G8. NORMAL COLON In tissue sections, macrophages were most frequent in the superficial lamina propria just below the epithelium. Here they were large, round and strongly ACP and NSE positive (Fig. 1) . In the deeper lamina propria they became smaller, more irregular and were only weakly ACP and NSE positive or frequently ACP and NSE negative.
Monoclonal antibodies RFD1 and EBM11 stained macrophages predominantly in the superficial lamina propria whereas the other antibodies (RFD7, 3C10, Y1/82A, and 201521) stained macrophages both in the superficial and deep lamina propria. Combined staining with monoclonal antibodies and for acid phosphatase activity showed that 30-45% of RFD1 Macroscopically normal terminal ileum and ascending colon (at least 5 cm from tumour) from six right hemicolectomy specimens resected for caecal carcinoma were studied. Compared with normal colonic mucosa, macrophages in the superficial lamina propria of the terminal ileum were smaller and less strongly ACP and NSE positive (Fig. 2) . In the deeper lamina propria, the macrophages became smaller and weakly ACP and NSE positive or ACP and NSE negative. In most sections, all the monoclonal antibodies stained macrophages in the superficial as well as deep lamina propria.
Cell counts performed using a graticule ( In active inflammatory bowel disease mucosa, although the overall pattern of large round macrophages in the superficial lamina propria and smaller more irregular cells in the deeper regions was maintained, there was a general increase in the number of macrophages which were irregular in shape. Acid phosphatase and NSE positive macrophages were seen throughout the lamina propria and submucosa (the latter, especially with Crohn's colitis) (Fig. 3) . Cells staining with the antibodies RFD1 and EBM 1 1 were also similarly distributed. Combined staining showed that 7(-90% of RFD1, RFD7, and 3C10 positive macrophages throughout the lamina propria (as well as the submucosa) showed ACP activity. Most (more than 90%) of ACP positive cells were HLA-D (201521) positive.
Cell counts using a graticule showed that there was a significant increase in RFD9 positive and 3G8 positive mononuclear cells in ulcerative colitis and Crohn's colitis (Table 4) . These findings were.confirmed by counts on cytospin preparations of isolated mononuclear cells stained with the same monoclonal antibodies (Table 5 ). Of the 13 normal colons, there were no RFD9 positive cells in the lamina propria in nine and no 3G8 positive mononuclear cells in 10. In contrast, all the ulcerative colitis and Crohn's colitis sections showed the presence of RFD9 and 3G8 (Fig.  4) Macrophage subpopulations in lamina propria ofnormal and inflamed colon and terminal ileim83 histology). There were no RFD9 positive cells in any, but 3G8 positive mononuclear cells were present in all three.
ILEAL CROHN S DISEASE
Acid phosphatase and NSE positive cells were present throughout the mucosa and also the submucosa. In many sections there was a general increase in the intensity of staining for ACP and NSE in the lamina propria compared with normal ileal tissue. There was also an increase in the number of irregular macrophages especially in the superficial lamina propria.
Cell counts using a graticule revealed an increase in the proportion of RFD9 and 3G8 positive mononuclear cells (Table 6 ). The RFD9 positive cells were largely aggregated in seven of 10 ileal Crohn's sections. As in the active inflammatory bowel disease colon, the unaggregated cells tended to be less intensely stained than the aggregated cells.
There was a significant decrease in the proportion of RFDI positive cells in the superficial lamina propria of the inflamed ileum compared with normal ileal mucosa. Combined staining showed that 70-100% of macrophages staining with the antibodies RFDI, RFG7, 3C10, RFD9, and 3G8 were also positive for ACP. As for the colon, more than 90% of ACP positive cells were stained with antibody 201521 (HLA-D) .
Cytospin preparations of mononuclear cells isolated from nine specimens of ileal Crohn's showed RFD9 positive cells in all (median 3%; range 1-7%) and 3G8 positive macrophages in preparations of eight out of nine specimens (median 2%; range 1-4%). In contrast no RFD9 positive or 3G8 positive cells were seen in mononuclear cells isolated from thee specimens of normal terminal ileum. DOUBLE IMMUNOFLUORESCENT1 STAINING Double immunofluorescent staining of normal and inflamed colonic and ileal tissue showed that more than 90% of macrophages staining with the monoclonal antibodies listed in Table 1 
Discussion
We have studied heterogeneity of macrophages of normal and inflamed terminal ileal and colonic mucosa using a panel of monoclonal antibodies and ACP and NSE staining. Monoclonal antibodies used included many which have been shown to have high specificity for macrophages.27-"
In the normal colonic mucosa, macrophages below the epithelium are predominantly large, round and strongly positive for ACP and NSE. In the deeper In the villi of the normal terminal ileum, a higher proportion of macrophages staining with the antibody RFD1 were present compared with the superficial lamina propria of the colon. There was no significant difference in the proportion of macrophages staining with the other monoclonal antibodies.
In the superficial lamina propria of both the normal terminal ileum and colon, the majority of RFD7 and 3C10 positive macrophages were ACP positive compared with about 30% of RFD1 positive cells.
The normal small intestinal mucosa comes in contact with a large variety of soluble food antigens and this may account for the higher proportion of RFD1 positive ('antigen presenting') cells in the villi of the terminal ileum.
In inflammatory bowel disease, there was an increase in the intensity of ACP staining as well as in the number of ACP positive cells in deep lamina propria and submucosa. This may be caused by increased penetration of bacteria and its products after damage to the epithelial barrier.
Monoclonal antibody staining also showed the presence of two new subpopulations of macrophages in the lamina propria of mucosa with active inflammatory bowel disease. These subpopulations stained with the antibodies RFD9 and 3G8. These cells were absent or only occasionally present in the normal tissue or in ulcerative colitis in remission.
The significance of the appearance of these two subpopulations of macrophages in the inflamed tissue is unknown. RFD9 is a marker for epithelioid cells and 'tingible body' macrophages. 1621 The significance of this is uncertain. It has been suggested, however, that low-affinity FcyRs may be important in the clearance of immune complexes. This has been supported by some recent animal studies.28 Thus it is conceivable that macrophage expression of this low-affinity FcyR in inflamed intestine may have the role of clearing immune complexes.
In conclusion, subpopulations of macrophages in normal and inflamed human colon and terminal ileum in tissue and in isolated cells have been shown using a panel of monoclonal antibodies and histochemical staining. The phenotypes of these cells are likely to be influenced by their environment which in the intestine is determined to a large extent by the luminal contents and the integrity of the epithelial barrier. The latter is deranged in inflamed mucosa and the increased penetration of luminal antigens as well as the mediators released during inflammation could influence the phenotype of macrophages. In addition, recently recruited monocytes from the circulation are also likely to be phenotypically different from the resident population of macrophages.
Finally, this study also shows that antigenic determinants on macrophages that are recognised by monoclonal antibodies used in this study do not appear to be affected by the isolation procedure.
